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EXPERIMENTAL EQUIPMENT STATUS 
F a c i l i t i e s  i n  Operation 
Iso tope  Production Area and Off-Line 
Radwchemiskry and Decay Spectroscopy 
Laboratory 
The i so tope  production a r e a  is p re sen t ly  used 
f o r  a va r i e ty  of  experiments wi th  h igh- in tens i ty  
beams using both charged p a r t i c l e s  and high-energy 
secondary neutrons. The t a r g e t  s t a t i o n s  l oca t ed  
d o n g  the  beam l i n e  can accommodate a v a r i e t y  of ex- 
periments, o f t e n  p a r a s i t i c a l l y .  They are :  a )  He-jet 
terminal ,  b) s o l i d  target-charged p a r t i c l e  i r r a d i a -  
t i o n  f a c i l i t y ,  c )  an automatic beam degrader,  d) a 
general  purpose s t a t i o n ,  and e )  a stopped beam high 
energy neutron f a c i l i t y .  The He-jet system has been 
b u i l t  by Prof.  E. S. Macias (Washington Universi ty)  
and plans a r e  underway t o  i n s t a l l  i t  during the  sum- 
mer of  1978 and t o  look f o r  some n u c l e i  f a r  removed 
from s t a b i l i t y .  The charged p a r t i c l e  and neutron 
t a r g e t s  a r e  t ranspor ted  from the  i so tope  production 
room t o  t he  chemistry t r a i l e r  us ing  a pneumatic rapid 
t r anspor t  system. The production of neutron r i c h  
n u c l e i  using f a s t  neutrons and t h e  production of neu- 
t r a l  pions from proton-nucleus r eac t ions  a t  interme- 
d i a t e  energies  a r e  t y p i c a l  s t u d i e s  making use of  
these  f a c i l i t i e s .  The beam degrader and general  pur- 
pose s t a t i o n  have been used extens ive ly  f o r  t h e  pro- 
duction of  1231 from var ious  t a rge t s .  A s p e c i a l  
i so tope  production f a c i l i t y  a t t aches  conveniently t o  
t he  beam l ine .  
The radiochemistry labora tory  is near ing  com- 
p l e t i o n  wi th  t h e  planned i n s t a l l a t i o n  of  t he  fume- 
hood i n  t he  next  few months. The chemistry t r a i l e r  
a l s o  houses t h e  rapid  t r anspor t  rece iv ing  terminals  
f o r  t he  charged-part icle and fast-neutron systems. 
With t he  i n s t a l l a t i o n  of water  u t i l i t i e s  and the  
fume-hood, t h e  chem t r a i l e r  w i l l  be ready f o r  rad io  
chemical s t u d i e s  . 
The spectroscopy t r a i l e r  has  been used exten- 
s i v e l y  over t h e  pas t  year.  Almost a l l  of  t he  o f f -  
l i n e  counting is performed there .  Two multi-channel 
analyzers a r e  ava i l ab l e ,  a Canberra 8180 and a Nuclear 
Data 50/50 system. Various Ge(Li) de t ec to r s ,  a KEVEX 
x-ray de t ec to r  and a LEPS a r e  used i n  var ious  experi-  
mental con£ i g u r a t  ions.  Plans a r e  underway t o  provide 
vacuum t o  both t r a i l e r s  and t o  eventua l ly  perform a l l  
o f f - l i ne  a ,  6 and y counting i n  t h i s  a rea .  
In-Beam y-Ray Area TCzin-Walled Target  Chamber 
With t h e  aim of reducing the  t o t a l  mass of ma- 
t e r i a l  in t h e  proximity of  t he  t a r g e t ,  a thin-walled 
t a r g e t  chamber was constructed f o r  use i n  t he  in-beam 
y-ray area.  The chamber is very simple i n  design,  
having the  form of an elongated c ros s ,  made p r inc i -  
p a l l y  from 6.35-cm diameter aluminum tubing (.8mm 
wa l l  th ickness) .  Two t a r g e t s  and a s c i n t i l l a t o r  
viewer may be  manually pos i t ioned in the  cross  center. 
No d i r e c t  comparison has  a s  y e t  been made of t h e  y- 
ray  backgrounds r e s u l t i n g  from beam tunes through 
t h i s  and t h e  o l d e r  more massive chamber. Use of t he  
new chamber has ,  however, s i g n i f i c a n t l y  helped the  
background problem i n  a t  l e a s t  one low-yield y-ray 
measurement. A f u r t h e r  r e s u l t  of  t he  change is t h a t  
t he  support  system f o r  t he  chamber i n  t h i s  a r ea  was 
modified i n  order t o  make interchange of the  cham- 
bers  both simple and reproducible i n  terms of align- 
ment. This a lso  w i l l  allow future  var ia t ions  i n  
t a rge t  and detector  configuration t o  be more e a s i l y  
accommodated. 
A Hype~Pure Germanium Detector Telescope 
System for Use i n  the 64" Scattering Chamber 
A p a i r  of hyper-pure germanium detector  te le-  
scopes f o r  general laboratory use i n  the 64" scat -  
t e r ing  chamber a r e  current ly  under construct  ion and 
t e s t .  The telescopes,  each capable of stopping up 
t o  100 MeV protons, cons i s t  of a lcm and a 1.5cm 
deep by 3cm diameter hyper-pure , transmission mounted 
germanium c r y s t a l s  placed on a l i q u i d  nitrogen cryo- 
s t a t  located on each arm of the 64" chamber. The 
telescopes a r e  designed f o r  easy rearrangement of the  
c rys ta l s  t o  meet varying experimental requirements. 
A l l  four detectors ,  f o r  example, may be mounted i n  
one telescope t o  s top  protons of up to  160 MeV. 
Provisions a r e  made f o r  using small area s i l i c o n  
surface  b a r r i e r  detectors  i n  f ront ,  and l a rge  volume 
sodium iodide veto detectors  behind the  telescopes. 
Solid angle defining apertures of any s i z e  a re  e a s i l y  
mounted in f ron t  of the telescopes. A schematic di- 
agram of the  telescope sys tem is shown i n  Fig. 7. 
The detectors  a r e  enclosed i n  t h e i r  own clean 
vacuum environment pumped by a small CTI 20'~ cryo- 
pump. Pumping and LN f i l l i n g  a re  accomplished 
through f l e x i b l e  metal hoses passing through the  l i d  
of the  s c a t t e r i n g  chamber, allowing complete freedom 
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Figure 7. Schematic diagram of a hyper-pure ger- 
manium detector  telescope f o r  use i n  the  
64" s c a t t e r i n g  chamber. 
of motion of the  telescopes on t h e i r  respect ive  
arms. Each telescope may be rota ted through 180° 
about the  t a rge t  posit ion.  Scattered p a r t i c l e s  en- 
t e r  and e x i t  the  telescope through .5mil th ick n i c k d  
f o i l s .  
The telescopes may be mounted i n  any one of 
f ive  posi t ions  of varying dis tance from the  t a r g e t  
as determined by dowel pins which a r e  compatible 
with the  locat ing holes  already i n  the  movable arms 
of t h e  64" chamber. It is a l s o  poss ible  t o  mount 
both telescopes on one arm, but only a t  d i f f e r e n t  
d is tances  from the  target .  Table 6 lists the  v i t a l  
s t a t i s t i c s  f o r  the  detectors  and the  telescopes,  
along with a l i s t  of the  maximum s o l i d  angle and 
minimum usable detector  angle vs. d is tance from t h e  
t a rge t  f o r  the  f i v e  posit ions.  
The hyper-pure germanium c r y s t a l s  a r e  being 
made f o r  t h i s  labora tory  by R. Pehl of  the  Lawrence 
Berkeley Laboratory, who is co l l abo ra t ing  with us 
t o  determine t h e i r  opera t ing  c h a r a c t e r i s t i c s  a t  IUCF 
energies.  They d i f f e r  s i g n i f i c a n t l y  from commer- 
c i a l l y  a v a i l a b l e  de t ec to r s  of t h i s  type i n  t h a t  both 
e l e c t r i c a l  contac ts  a r e  ion  implanted. The usual  
l i t h i u m  contac t  is replaced by a phosphorus i on  i m -  
p l a n t ,  while t h e  pos i t i ve  contac t  is a boron ion  
implanted sur face .  The replacement of  t h e  r e l a t i v e l y  
t h i ck  l i t h i u m  su r f ace  (-10pm) by the  phosphorus im- 
planted contac t  is  no t  only important because t h e  
de t ec to r s  w i l l  be used in the  transmission mode, but  
because these  de t ec to r s  can r ead i ly  be s t o r e d  a t  
room temperature without  worry about cont inual  
d r i f t i n g  of  t h e  l i th ium.  Furthermore, because these  
a r e  l a r g e  volume de t ec to r s ,  they a r e  q u i t e  e a s i l y  
r ad i a t i on  damaged by both neutrons and charged par- 
t i c l e s .  Experience i n  our labora tory  has  shown t h a t  
a neutron dose of  about 10'~ p a r t i c l e s  o r  a charged 
p a r t i c l e  dose of  10' p a r t i c l e s  a t  IUCF energies  is  
enough t o  des t roy  the  r e so lu t ion  of t he  de tec tors .  
This damage can be repai red  by annealing the  
de t ec to r  a t  140°C f o r  24 hours.  The e f f e c t  
t h i s  annealing process has on the  d r i f t i n g  of  a 
l i t h ium contac t  has n o t  been measured, bu t  is of 
concern. The replacement of t h e  l i t h i u m  contac t  by 
the  phosphorus contact  should so lve  t he  problem. 
Table 6. Germanium de t ec to r  p rope r t i e s  and te lescope  geometry. 
Germanium Detector  P rope r t i e s  
Detector  thicknesses:  l.Ocm and 1.5cm (2 each) 
Detector  diameter: 3.Ocm 
Detector  case O.D. :  5.16cm 
Detector  case I . D . :  2.40cm 
Useful de t ec to r  area:  452m2 
Telescope ~eomet ry*  
Distance from Target  Max. Sol id  Angle Olab Min. 
( cm) (msr) ( d e d  
* ~ h e s e  ca l cu l a t i ons  were made f o r  each te lescope  having 
a 1 .0  and a 1.5cm t h i c k  de t ec to r  i n  tandem f o r  t h e  detec- 
t i o n  of  18 t o  100 MeV protons,  and take  i n t o  account t h e  
expected small  angle  s c a t t e r i n g  i n  t he  de t ec to r s .  
Several  damgelanneal  cyc les  on our  e x i s t i n g  ger- 
manium de t ec to r ,  which has t he  l i t h i u m  contac t ,  have 
shown no d e t e r i o r a t i o n  of  t he  de t ec to r  resolu t ion .  
This de t ec to r  is used only a s  a s topping  de t ec to r ,  
however, where t he  boron contac t  is used a s  t h e  en- 
t r ance  face. 
Construction and t e s t i n g  of  t he  de t ec to r s  and 
t h e i r  housings a r e  i n  progress.  The completed sys- 
t e m  is expected t o  be  ready f o r  use by t h e  end of  
Apr i l ,  1978. 
QDDM Spectrograph 
The QDDM Spectrograph remained t h e  most £re- 
quently used f a c i l i t y  f o r  experiments w i th  h igh  
Figure 8. A r ecen t  (p ,p l )  spectrum on 208~b 
a t  Tp = 99 MeV; t h e  o v e r a l l  r e so lu t ion  
is 35 keV fwhm. 
energy protons and deuterons.  The o v e r a l l  resolu- 
t i o n  of t h e  system i s  slowly approaching t h e  design 
goal  of AE/E = 2 x l 0 - ~ .  A spectrum obtained i n  a 
recent  i n e l a s t i c  proton s c a t t e r i n g  experiment is 
shown i n  Figure 8. An o v e r a l l  r e so lu t ion  of 35 keV 
fwhm (AEIE = 3 . 5 ~ 1 0 - ~ )  was obta ined  f o r  extended 
runs. Nearly equiva lent  performance of  t h e  spec t ro-  
graph was obtained wi th  160 MeV protons and 75 MeV 
deuterons. 
Recent ray t r a c i n g  measurements i n d i c a t e  t h a t  
t he  energy r e so lu t ion  along t h e  l eng th  of  t h e  f o c a l  
plane would be improved by a 5 degree r o t a t i o n  of  
t he  f o c a l  plane d e t e c t o r  a r ray .  This change, which 
e n t a i l s  s i g n i f i c a n t  modificat ion of  t h e  f o c a l  p lane  
de t ec to r  hardware, w i l l  no t  be undertaken u n t i l  more 
extens ive  ray t r a c i n g  can be  c a r r i e d  o u t  t o  v e r i f y  
t he  optimal de t ec to r  angle  f o r  a wide range of  
opera t ing  condit ions.  
Matching the  d ispers ion  of  t he  beam l i n e  system 
t o  t h a t  of t he  spectrograph has  met only p a r t i a l  suc- 
cess i n  improving the  r e so lu t ion  rou t ine ly  achieved 
i n  experiments. The d ispers ions  have been matched; 
however, t ransmission lo s se s  i n  t he  beam l i n e  system 
a r e  h igher  than ca l cu l a t i ons  f o r  t he  beam t r anspor t  
system i n d i c a t e  they should be. Diagnostic equipment 
designed t o  study the  coupling of t he  acce l e ra to r s  t o  
-the e x t e r n a l  beam l i n e s  is p re sen t ly  under develop- 
ment. Improvements i n  t he  matching of these  systems 
w i l l  l e ad  t o  t he  a v a i l a b i l i t y  of h igher  beam in t ens i -  
t i e s  f o r  high r e so lu t ion  experiments. 
A system f o r  vacuum t r a n s f e r  of  t a r g e t s  has 
been designed and constructed and i s  p re sen t ly  under- 
going t e s t i ng .  The system w i l l  a l s o  provide a re- 
mo t e l y  cont ro l led  motor d r ive  f o r  t a r g e t  changing. 
Addit ional  improvements t o  t he  spectrograph 
system inc lude  design work f o r  a new ent rance  sl i t  
system. Features of the  new design inc lude  the  
a b i l i t y  t o  move the  spectrograph t o  smal ler  angles 
wi th  the  ex t e rna l  Faraday cup and the  p o s s i b i l i t y  
of  using s l i ts  s p e c i f i c a l l y  t a i l o r e d  t o  a given 
experiment. 
Photographs of  a new heavy-ion de t ec to r  which 
a t t aches  t o  t he  f o c a l  plane of  the  QDDM spectrograph 
a r e  shown i n  Figure 9. The p rope r t i e s  of  t h i s  de- 
t e c t o r  and its use i n  prel iminary s t u d i e s  of  t he  
( 6 ~ i , 8 ~ )  r eac t ion  a r e  discussed i n  Pa r t  2 of  t h i s  
Annual Report (see W. Gray e t  a l . ,  p.54). 
Figure 9. New heavy ion  de t ec to r  which a t t aches  t o  t he  foca l  plane of t he  QDDM spectrograph.  
Ions e n t e r  t h e  chamber through the  - 4 m i l  t h i c k  Kapton window v i s i b l e  i n  t h e  lower 
view. The a c t i v e  region of t he  ion chamber and p a r t  of t he  wire  g r i d  planes a r e  
v i s i b l e  i n  t h e  top photograph, which was taken from t h e  back (downstream) s i d e  wi th  
t he  gas containment box removed. 
DD Pion Spectrometer 
- 
A minia ture  non-dispersive DD magnetic spectro-  
meter has been constructed t o  study nuclear  charged- 
pion production very near  threshold .  The device 
was designed t o  be placed i n s i d e  t he  64 inch 
general  purpose s c a t t e r i n g  chamber on one of i t s  
movable arms. A schematic drawing of the  spec t ro-  
meter i s  shown i n  Figure 10 and the  device is  shown 
i n  p lace  i n  Figure 11. The b a s i c  p rope r t i e s  of 
t he  DD a r e  out l ined  i n  Table 7.  
The de t ec to r  holder  is  loca ted  i n  a lead  
c a s t l e  and i s  designed t o  hold up t o  t h r e e  s tan-  
dard s i l i c o n  su r f ace  b a r r i e r  de t ec to r s .  A t y p i c a l  
de t ec to r  s t ack  cons i s t s  of a 100 pm A 1  absorber 
and a 10 m i l  p l a s t i c  s c i n t i l l a t o r  followed by a 
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Figure 10. Schematic r ep re sen ta t i on  
of t h e  DD pion spectrometer .  
Figure 11. Photograph of t h e  D; pion spectrometer  i n s i d e  t he  64" s c a t t e r i n g  chamber. 
The beam e n t e r s  the  chamber from the  upper r i g h t  hand corner.  
s i l i c o n  s t a c k  c o n s i s t i n g  of a  2QQ vm AE d e t e c t ~ r ,  a  
5000 v m  s topping  d e t e c t o r  and a  l a r g e  a r e a  v e t o  detec-  
t o r .  This  d e t e c t o r  s t a c k  i s  s u i t a b l e  f o r  d e t e c t i n g  
4+12 MeV p ions .  Other  d e t e c t o r  s t a c k s  can be  assem- t 
b l e d  t o  observe p ions  w i t h  e n e r g i e s  above 12  o r  below I 
4  MeV. The s o l i d  ang le  a s  a  f u n c t i o n  of  r a d i u s  o f  
c u r v a t u r e  f o r  a  d e t e c t o r  s t a c k  c o n s i s t i n g  of  a  150 mm2 
2  w AE and a  100 mm s t o p p i n g  d e t e c t o r  is  shown i n  F igure  C 
1 2  (measured f i r s t  w i t h  a lpha  p a r t i c l e s  from a  r a d i o a c t i v e  
source  and t h e  shape v e r i f i e d  w i t h  p i o n s ) .  
The p r o j e c t e d  p ion  energy range f o r  t h e  QQSP 
p ion  spec t rograph  ( see  p. 23 of t h i s  r e p o r t )  t o  be 
cons t ruc ted  i n  l a t e  1978 i s  from 8  t o  130 MeV; t h u s  
t h e  DB p i o n  s p e c t r o m e t e r w i l l  remain a  unique i n s t r u -  F igure  12 .  S o l i d  ang le  of t h e  DD s p e c t r o -  
meter  a s  a  f u n c t i o n  of  r a d i u s  
ment f o r  t h e  s t u d y  of very  n e a r  t h r e s h o l d  p ion  produc- of curva ture .  
t i o n .  
Table 7. P r o p e r t i e s  of t h e  DB pion  s p e c t r o -  
meter . 
Neutron Detectors * 
S o l i d  a n g l e  3.5 m s r  (114 mr horizon-  Neutron spec t roscopy  is  complicated by t h e  
t a l ,  31 mr v e r t i c a l )  
f a c t  t h a t  t h e  i n t e r a c t i o n s  by which we d e t e c t  neut-  
Pmax/Pmin 1 . 5  
rons do n o t  l e a v e  s i g n a l s  p r o p o r t i o n a l  t o  t h e  in -  
Angular range 17-163 deg 
c i d e n t  energy.  Therefore ,  we r e s o r t  t o  u s i n g  t h e  
O r b i t  r a d i i  15-23 cm 
time of  t h e  s i g n a l  a s  t h e  i n d i c a t o r  of t h e  n e u t r o n  
F l i g h t  p a t h  77 cm 
energy. Even w i t h  s ta te -of - the-a r t  t iming ,  f l i g h t  
Foca l  p lane  non-dispersed (approx. 1 . 3  x  
1 . 3  cm maximum) p a t h s  a s  long  a s  100 meters  a r e  r e q u i r e d  f o r  ade- 
Magnet gap l.Q cm q u a t e  energy r e s o l u t i o n ,  b r i n g i n g  on two new prob- 
Maximum f i e l d  s t r e n g t h  11 Kg lems: 1 )  It is n o t  p r a c t i c a l  t o  swing t h e  d e t e c t o r  
Maximum pion  energy 19 MeV around t h e  t a r g e t  f o r  angula r  d i s t r i b u t i o n s .  W e  
(11 Kg and r h o  = 23  cm) s o l v e  t h i s  w i t h  a beam swinger .  2) S o l i d  a n g l e s  
a r e  unreasonably smal l .  W e  s o l v e  t h i s  by develop- 
i n g  l a r g e  d e t e c t o r s .  
To grasp  t h e  magnitude of  t h e  second problem 
cons ider  t h a t  s c a t t e r i n g  chamber experiments  use  
s o l i d  angles of about one m i l l i s t e r r a d i a n ,  b u t  a t  
100 m t h a t  impl ies  a de t ec to r  a r ea  of 10m2 ! Thus, 
the de t ec to r  development imperat ive is to  make 
de t ec to r s  a s  l a r g e  a s  poss ib l e  without  degrading 
the time r e so lu t ion .  
The de t ec to r s  cons i s t  of  p l a s t i c  s c i n t i l l a t o r s  
coupled t o  conventional ,  f a s t  photomul t ip l ie r  
tubes.  We l i m i t  t he  c ross  s e c t i o n a l  dimension t o  
t h a t  which can be conveniently coupled t o  t he  
phototubes; our  most succes s fu l  de t ec to r s  have 
15 cm x 15 cm cross  s ec t ions  coupled wi th  tapered 
l i g h t  pipes t o  5-in. phototubes ( these  have 11-cm 
diameter photocathodes). 
The s c i n t i l l a t o r s  a r e  1 m long and two d i f -  
f e r e n t  approaches have been used t o  compensate f o r  
t r a n s i t  time spreads over t he  length .  The Kent 
S t a t e  group has  b u i l t  de t ec to r s  with phototubes 
a t  both ends and e l e c t r o n i c s  t o  measure t he  mean 
time of l i g h t  a r r i v a l  a t  t he  two ends. The s c i n t i l -  
l a t o r  i s  o r i en t ed  t r ansve r se ly  t o  t he  f l i g h t  path.  
The Oak Ridge-Ohio Univers i ty  group has b u i l t  de- 
tectors1s2 t h a t  employ a s i n g l e  phototube and a 
t i l t e d  s c i n t i l l a t o r  ax i s .  With t h i s  approach the  
s c i n t i l l a t o r  i s  o r i en t ed  s o  t h a t  i t  is  th i cke r  i n  
t he  neutron d i r e c t i o n ,  thereby increas ing  the  pro- 
b a b i l i t y  of an i n t e r a c t i o n  and he lp ing  t o  conta in  
t he  long proton r e c o i l  t r acks .  Also, t he re  could 
be a s u b s t a n t i a l  cos t  saving f o r  a r r ays ,  s i n c e  
only one phototube is requi red  f o r  each meter long 
s c i n t i l l a t o r .  
Figure 13a shows the  f r a c t i o n  of t he  emi t ted  
l i g h t  t h a t  has  reached the  phototube a s  a funct ion  
of t i m e  a f t e r  t he  neutron e n t e r s  the s c i n t i l l a t o r .  
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Figure 13. 
(a) The curves show t h e  f r a c t i o n  of forward 
emi t ted  l i g h t  t h a t  has  reached the  phototube 
by time t, measured from when the  neutron 
crosses  the  plane through t h e  f r o n t  f ace  
of t he  s c i n t i l l a t o r .  The parameters used 
are :  length  of s c i n t i l l a t o r  = 1 m, index of 
r e f r a c t i o n  = 1.6, phosphor decay cons tant  = 
2.4 ns ,  neutron energy = 100 MeV. The t h r e e  
curves a r e  f o r  s c i n t i l l a t i o n s  a t  t h e  f r o n t ,  
middle and back of t he  s c i n t i l l a t o r .  
(b) This shows how time compensation is achieved 
by t i l t i n g  the  s c i n t i l l a t o r .  The ca lcula-  
t i o n  is the  same a s  f o r  Fig. 13a except  f o r  
t he  tilt. 
The ca l cu l a t i on  is  f o r  1 m l eng th  and neutron energy 
of 100 MeV. The three  curves a r e  f o r  s c i n t i l l a t i o n s  
a t  t he  f r o n t ,  middle, and back of t he  s . c i n t i l l a t o r .  
The curve f o r  t he  back s t a r t s  l a t e r  because the  
d i f f e r ence  i n  l i g h t  paths f o r  d i f f e r e n t  emission 
angles i s  l e s s .  Figure 13b shows how the  time 
o r ig ins  of  the  l i g h t  pulses  can be made t o  coincide 
by t i l t i n g  the  s c i n t i l l a t o r .  Compensation f o r  t he  
va r i a t i ons  i n  r i s e  time is  then achieved wi th  
quadra t ic  ex t rapola ted  zero timing t h a t  makes use 
of t he  approximately parabol ic  shape of t he  pulses  
nea r  t h e i r  o r ig ins .  
The b e s t  t i m e  r e so lu t ion  t h a t  has  been achieved 
i n  r e a l  neutron spec t r a  a t  IUCF is  about 0 .8  ns 
FWHM and t h i s  has  been achieved wi th  t i l t e d  de- 
t e c t o r s ,  mean timing, and small  de t ec to r s  a l i k e .  
Two techniques were used t o  measure the  de- 
t e c t o r  e f f i c i ency  a t  energies  nea r  100 MeV. In  
7 one measurement neutrons from 7~i(p ,n) Be were 
counted during proton bombardment of  a f r e s h  t a r -  
g e t  with Ep = 120 MeV. Afterwards, t he  number of 
7 ~ e  nuc l e i  c rea ted  was i n f e r r e d  from an absolu te  
gamma count of the  7 ~ e  i n  t he  t a r g e t .  The angular  
d i s t r i b u t i o n  was measured sepa ra t e ly .  I n  another 
measurement neutrons from 12c (p ,n) 1 2 ~  (g .s . ) were 
counted. The cross  s ec t ion  was ca l cu l a t ed  from a 
measurement of 12~(p ,p ' )12~(15.1  MeV) and the  as- 
sumption of  i so sp in  conservation.  Both methods 
y ie lded  the  r e s u l t  t h a t  t he  e f f e c t i v e  s o l i d  angle 
of t he  t i l t e d  de t ec to r  is equiva lent  t o  t h a t  sub- 
tended by an a r ea  of 32% of c ross  s e c t i o n a l  f ace  
(15 cm x 15 cm) . 
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Development of Future F a c i l i t i e s  
QQSP Pion Spectrograph 
I n  o rde r  t o  increase  t he  e f f i c i e n c y  of da t a  
co l l ec t ion  i n  r eac t ions  which produce charged pions,  
H. Enge of Deuteron Inc.  was commissioned t o  design 
a spectrograph of modest energy r e so lu t ions  with 
l a r g e  s o l i d  angle,  l a r g e  momentum b i t e ,  and sho r t  
f l i g h t  path.  The spectrograph system (QQSP) con- 
s i s t i n g  of two quadrupole magnets and a s p l i t  d ipole  
magnet is shown schematical ly i n  Figure 14. The 
b a s i c  p rope r t i e s  of  t h e  system a r e  summarized i n  
Table 8. 
A cont rac t  has  been awarded t o  Alpha S c i e n t i f i c ,  
Inc .  of Hayward, Ca. t o  car ry  out  t he  engineering 
design and f a b r i c a t i o n  o f  t h e  magnets. Delivery of  
t he  system is  an t i c ipa t ed  f o r  t he  end of summer, 1978. 
I n s t a l l a t i o n  of  t he  system i n  t he  t a r g e t  room shared 
wi th  t he  64" s c a t t e r i n g  chamber (see Figure 3) 
w i l l  then take  p lace  i n  t he  l a s t  qua r t e r  of  1978. 
